ABSTRACT.
Two Since the agar-plate method was developed about two decades ago to culture myeloid progenitor cells (CFUc) in vitro (1, 7), colony-stimulating factors (CSF) from various sources have been customarily used in the culture system to support clonal growth of these cells. In general, CSFs isolated from natural sources are sialoglycoproteins. Several distinct types of CSF have been hitherto discovered, namely, macrophage CSF (M-CSF), granulocyte CSF (G-CSF), granulocytemacrophage CSF (GM-CSF), interleukin 3 (multi CSF) etc. (5) . Although these CSFs act specifically at each stage of CFUc differentiation, it seems that the spectra of their action partially overlap each other so that no abrupt change might occur in the dependency of the differentiating CFUc upon a specified CSF.
In this paper, we report on the biological characteristics of two types of CSFs ; one isolated from the culture medium of RSP-2-P3 cells (CSFRSP) and the other, from normal human urine (CSFhu). CSFRSP preferentially induces granulocyte colony formation (8) and belongs to a group of CSFs that are relatively small in their molecular weight (20,000-30,000 daltons), whereas CSFhu induces the formation of mainly macrophage colonies and belongs to a group of large molecular-weight CSFs (40,000-80,000 daltons) (10) . Our present aim is to study the magnitude of the overlap of the action spectra of these two types of CSFs. 
RESULTS
Synergism between CSFhu and CSFRSP. In the experiment of which results are shown in Table 1 , the two different types of CSFs were used singly or in combination. Both CSFs were used either at a concentration giving about a half-maximal number of colonies (top three lines) or at a concentration which produces nearly maximal number of colonies (bottom three lines). The cultures were incubated for 5, 7 or 10 days and examined for the total number of colonies and for the morphological characteristics of the cells that composed the colonies. The cultures stimulated by CSFRSP contained mainly G colonies in the early stages of incubation. However, the number of G colonies decreased with time, while the number of M colonies increased. CSFhu-stimulated cultures developed mainly M colonies, although it also induced a small number of G colonies and GM colonies to grow in the Day-5 cultures.
A positive synergistic effect was observed when the two CSFs were used at the half-maximally stimulating concentrations and the cultures were examined either on Day 5 or Day 7 of incubation. Thus, the combined use of CSFRSP and CSFhu produced 40 colonies in the Day-5 culture, which was 33 % higher than the sum of the colony numbers produced by CSFRsp and CSFhu individually. Furthermore, 52 colonies were produced by the combination of the two CSFs in the Day-7 culture, which was 63 % in excess of the expected 32 colonies.
However, M colonies decreased in number when CSFRSP was added to cultures that contained CSFhu at a maximally stimulating concentration. The suppressive effect of CSFRSP was most noticeable in Day-7 or Day-10 cultures. For example, 97 macrophage colonies were produced in the Day-10 culture that was stimulated with CSFhu alone, whereas only 45 macrophage colonies were found in the culture that contained both CSFhu and CSFRSP at maximally stimulating concentrations.
Growth of cells after transferal from Day-3 culture to a new environment. Colonies growing in agar usually contained less than 20 cells on Day 3 of incubation, whether CSFhu or CSFRSP was used for stimulation. A whole cluster of cells could be aspirated off with a fine glass capillary and transferred to a methylcellulose plate.
When the methylcellulose plate contained no CSF, nearly all of the implanted cells disintegrated and disappeared from the culture within 4 days after implantation (Table 2) . However, when the cells were treated with CSFhu for the initial 3 days and then transferred to a plate containing CSFhu, 44 % of the transferred clusters of cells grew into colonies during the following 4 days. An even higher survival rate was observed when the cells were initially stimulated with CSFRSP and transferred to a plate containing CSFRSP ; i.e., 60 % of the transferred clusters grew into colonies.
On the other hand, when the CSF used for the initial stimulation was of a different type than that used following transferal, the rate of survival was 27 % or 31 %, which was notably lower than the rates attained in the presence of the same kind of CSF throughout both the first and the second culture period. Although the cells that were treated with CSFRSP for the first 3 days were unable to develope G colonies later in the presence of CSFhu, cells primed with CSFhu produced G colonies when they were transferred to a plate containing CSFRSP.
Mixed-type colonies convert to macrophage colonies with incubation time. On Day 5 of incubation in agar, short glass capillaries were plunged into the agar in order to confine a colony within each capillary. The cells composing the individual colony should stay inside the capillary, while no cells should be able to migrate into the colony from the surrounding agar. For this purpose, compact-type colonies which represented 5-20 % of all the colonies were selectively subjected to this treatment.
About a half of the compact colonies on Day 5 in the cultures stimulated by CSFRSP were G colonies, while the other half of the compact colonies contained both granulocytes and macrophages in various ratios. When the colonies confined as described above were examined after incubation for further 2 or 4 days, no G colonies were detected inside the capillaries (Table 3) .
It was also observed that 27 % of the confined colonies in the CSFRSP-stimulated cultures had disintegrated during incubation between Day 5 and Day 7. In contrast, the frequency of disintegration of the confined colonies was much less marked in the cultures that were stimulated by CSFhu.
In the later stages of culturing, the frequency of M colonies increased as the frequency of GM colonies decreased. Thus, 88 % or 90 % of the confined colonies were M colonies in the Day 9 cultures stimulated with CSFRSP or CSFhu respectively.
TABLE 2. GROWTH OF COLONIES AFTER IMPLANTATION OF GROWING COLONIES FROM DAY-3 CULTURES TO NEW PLATES CONTAINING THE SAME OR DIFFERENT TYPES OF CSF
Observation of granulocyte colonies by electron microscopy. The upper panel of Fig. 1 shows a CSFRSP stimulated G colony from a Day-5 culture. Round cells with smooth surfaces were aggregated in the central part of the colony and also scattered around.
When observed by transmission electron microscopy, these immature granulocytes were seen to have a large nucleolar zone and sparse heterochromatin in their nucleus (lower panel of Fig. 1 ). Ribosomes were abundant in the cytoplasm but primary granules were seen only in limited numbers. Several mitochondria were observed, but vacuoles were not seen in the cytoplasm and the microvilli or ruffles of the cell surface membrane were not well developed.
As these cultured granulocytes matured, the nucleolus decreased in size and the nucleus became lobulated. The number of primary granules in the cytoplasm markedly increased (figure not shown).
In Fig. 2 , the upper panel shows a mixed-type colony from a Day-7 culture of CSFRSP-stimulated cells. It appears that the granulocytes in this colony were degenerating. Examination of these dying granulocytes by transmission electron microscopy showed that a characteristic condensation of chromatin and extrusion of the nuclear membrane occur. It was also noted that disintegrating mitochondria and granules were retained in the cytoplasm of these cells (lower panel of Fig. 2) . 
DISCUSSION
The small number of G colonies found in the Day 5, CSFhu-stimulated cultures (Table 1) may be due to G-CSF that was produced endogenously by the CSFhustimulated macrophages in the culture. Such a secondary effect of added M-CSF has been reported by other workers (6) . However, we can not eliminate the possibility that CSFhu induced the production of G colonies directly. Table 1 also shows a synergistic action of the two CSFs. A similar synergy observed with CSF-1 and interleukin 3 was interpreted to mean that the cells responding to interleukin 3 are more primitive than those responding to CSF-1 (3). In the present study, however, positive synergy was observed only when the two CSFs were both used at low concentrations. The two CSFs together at high concentrations induced a smaller number of M colonies to grow than the sum of the M colonies induced by each CSF alone. The result could be explained by the assumption that bipotential cells such as those demonstrated by Metcalf (4) were down-regulated by the oversupply of growth signals. It seems that the retardation of the growth rate was accompanied by the persistence of bipotentiality in this subset of CFUc. The frequency of mixed-type colonies increased and remained high in these cultures until Day 10.
When CSFRSP was replaced with CSFhu in the middle of culture period, the number of colonies decreased more profoundly than when CSFhu was replaced with CSFRSP ( Table 2 ). The results suggest that 17 % (i.e., 44-27-17) of the transferred CFUc were dependent specifically on CSFhu, while 29 % (60-31=29) of the CFUc were dependent on CSFRsp. It appears that the remaining 27 % (44-17=27) or 31 % (60-29=31) of the transferred CFUc were reactive to both types of CSFs. If we assume that 25 % of the transferred CFUc were lost due to non-specific damages caused by the transfer procedure and that the loss occurred equally among the three types of CFUc mentioned above, we could say that 39 % and 23 % of the total CFUc were dependent on CSFRSP and CSFhu respectively, while the remaining 38 % could be stimulated both by CSFRSP and by CSFhu.
The results of the implantation experiments also suggest that a majority of CFUc had retained the capability of changing the direction of their differentiation after 3 days of stimulation with CSFhu. In contrast, CSFRSP caused an equal number of mixed-type colonies and M colonies to grow in Day-5 cultures while later, M colonies increased in number over mixed-type colonies (Table 1) . Replacing CSFRSP with CSFhu did not notably accelerate this change ( Table 2) .
Disintegration of G colonies was demonstrated by confining the compact colonies in glass capillaries ( Table 3 ). The percentage of disintegrated colonies (i.e., 27 % or 23 %) was smaller than the percentage of CSFRSP-dependent CFUc obtained as shown above (i.e., 39 %). The difference may be due to the fact that compact colonies do not represent all the colonies in the culture, as reported in a previous paper (2) . The results shown in Table 3 also suggest that the mixed-type colonies converted into M colonies during incubation. Electron-microscopic examination (Figs. 1 and 2 ) also supported the assumption that granulocytes distinegrate much sooner than macrophages.
All of the observations reported above are in accord with the following concepts (i) In addition to CFUc which respond only to CSFRSP or to CSFhu, there exist bipotential CFUc which can respond both to CSFRSP and to CSFhu. (ii) CSFRSP can induce the differentiation of the above-mentioned bipotential CFUc into macrophages or granulocytes nearly equally, while CSFhu induces the differentiation of these cells into macrophages mainly. (iii) The action of CSFRSP and CSFhu on the bipotential cells is interdependent, while the actions of the two CSFs are independent of each other when they interact with unipotential cells on which only one of the CSFs acts. (iv) Granulocytes stop proliferating sooner than macrophages, and the granulocytes produced start to disintegrate sooner than the macrophages. Thus, G colonies disappear in older cultures, while GM colonies become M colonies as the culture ages.
It could be argued that some of the GM colonies originated from a couple of G and M progenitors that were placed closely together in the plate at the start of the culture. Powell et al. (11) reported evidence for the multicellular origin of such mixed-type colonies. However, the frequency of GM colonies observed in the present study was less than 22 % of the total (Table 1) . Even if some of these GM colonies were biclonal, it would not discredit the above-mentioned concept about the existence of CFUc which can respond both to CSFRSP and to CSF h., The whole concept mentioned above is illustrated in Fig. 3 . 
